Isotopic anomalies observed in meteorites for Ca, Ba, Nd and Xe are explained as due to the alteration of the isotopic ratios by a combined effect of mass fractionation, neutron-capture and cosmic-ray irradiation processes, which took place prior to and during the period of formation of the solar system.
INTRODUCTION
of anomalous neodymium found in Allende EK 1-4-1 by MCCULLOCH and WASSERBURG (1978) It has recently been pointed out that the and normal neodymium exposed to a neutron isotopic compositions of Ca, Ba and Nd in the flux. The values of 15 KeV neutron-capture Allende inclusion EK 1-4-1 resemble those of cross-sections given by BURBIDGE et al. (1957) the terrestrial Ca, Ba and Nd exposed to a are used here. This does not mean that the neutron flux (KURODA, 1979) . The thermal neutron-capture processes occurred at tem neutron-capture cross-section values were used peratures as high as 101K. The 15 KeV values in the previous report to calculate the variations are used here, because the cross-section values of the isotopic ratios.
It appears, however, for the temperatures at which the neutron that much improved agreements between the captures took place are unknown. The agree calculated and observed isotopic ratios can be ment between the calculated and observed values, obtained if the 15 KeV cross-sections values for appears to be satisfactory. There is a small ex the neutron-capture processes are used. The cess of 143Nd in Allende EK 1-4-1, which can results from the calculations for the isotopic be explained as due to the alpha-decay of 1.07 anomalies observed for Ca, Xe, Ba and Nd are X 1011-year 147Sm. reported here. (1) EK 1-4-1 SCa (a) The data reported by MCCULLOCH and WASSERBURG (1978) . The differences in the isotopic ratios are expressed in parts per 104.
(b) Calculated values based on the 15KeV neutron-capture cross-sections (BURBIDGE et al., 1957) .
of anomalous barium found in Allende EK tively (BURBIDGE et al., 1957) . In the calcula 1-4-1 by MCCULLOCH and WASSERBURG (1978) tions shown in Table 3 , it was assumed that the and normal barium exposed to a neutron flux. total neutron flux was such that the abundance It appears that small excesses of 135Ba and 137Ba of 44Ca was depleted by 0.80 per mil due to the are present in Allende EK 1-4-1, as it was 44Ca(n,y)4SCa reaction. The 15 KeV cross mentioned in the previous report (KURODA, sections (a) for 41K and 44Ca are 25 mb and 8 1979). These excesses may be the products of mb, respectively. LEE et al. (1978) . Table 3 compares the isotopic compositions  Table 4 compares the isotopic compositions of anomalous calcium found in Allende EK of the anomalous xenon in the Murray meteorite 1-4-1 by LEE et al. (1978) and normal calcium (KURODA et al., 1974) and the atmospheric exposed to a neutron flux. It is interesting to xenon exposed to a neutron flux. Note that note here that there is a small excess of 42Ca the agreement between the calculated and ob in Allende EK 1-4-1, which may be due to the served values is not at all satisfactory, except contribution from the reaction for the abundance at mass number 130. A vastly improved agreement between the cal culated culated and observed values can be obtained, 41K(n , y)42K 1 42Ca. however, if a comparison is made with a sample of atmospheric xenon mixed with iodine and
The cosmic abundances (N) of 41K and 44Ca tellurium in the ratio of their cosmic abundances and a correction is applied for a mass-dependent a re 219 and 1040 (relative to Si = 10'), respec f ractionation. The abundances of 128Xe, 129Xe 
The Murray data reported by KuRODA et al. (1974) . The differences in the isotopic ratios are expressed in parts per 103. Calculated values based on the 15KeV neutron-capture cross-sections . It is assumed here that the difference between the 6134 values of irradiated atmospheric xenon (-3 .6 per mil) and the xenon in Murray (+11.7 per mil) is due to the fact that the lighter isotopes in the atmospheric xenon are systematically mass fractionated relative to the heavier isotopes by (3 .6 + 11.7)/2 = 7.65 per mil per unit mass difference. The contribution from the neutron-capture re action on 130Ba is negligibly small in this case, because of the very small cosmic abundance of 130Ba (N = 0 .00370 relative to Si = 106). 126, 129 and 131 can be accounted for as being due to the presence of excesses of the cosmic-ray-produced xenon isotopes at these mass numbers and also a small contribution from the decay of extinct nuclide 129I at mass number 129 (KURODA et al., 1974) .
It is of special interest to make a rough estimate of the total neutron flux which is required to produce the isotopic anomalies observed in these meteorites.
The thermal neutron-capture cross-section for 136Xe is 150mb and the 15 KeV value is 4.9 mb. Let us assume that the neutron-capture processes have oc curred at an intermediate neutron energy and the cross-section value at that temperature cor responded to the average of the two extreme values, namely, about 80 mb.
In the calcula tions shown in Table 5 , the abundance of 136Xe is depleted by 0 .049 per mil relative to the original abundance.
The total neutron flux ((D), which is required to produce such an alteration of the 136Xe abundance is then 0.000049 80 X 10-26 = 6 .1 X 1020 (n/cm2).
The value of total neutron flux thus cal culated is similar to a value of 9.1 X 1020 (n/cm2), which was obtained by a quite dif ferent method in the previous report (KURODA, 1979) . It is also interesting to note here that these values are comparable to the neutron flux of the Oklo natural reactors. HAGEMANN et al. (1975) have estimated the total integrated neutron flux for the Oklo reactors to be from 8.1 X 1020 to 1.32 X 1021 (n/cm2).
